ABSTRACT. The distribution and behavioural ecology of Uca inversa inversa, U. Lactea annupiles and U. vacans hesperae in relation to sea level changes, relative humidity, ambient temperature and tidal fluctuations was studied at Madia beach on the east coast of the Red Sea. Crabs are usually active close to their burrows after the tide recede and during day-time. Thermal conditions within the burrows are more stable and much lower than those outside. Body temperatures were regulated in part by a burrowretreat strategy. The temperature tolerance of Uca inversa inversa was studied experimentally between 39°C and 43°C survival period varied between 3 minutes at 43°C and 250 minutes at 39°C.
Introduction
The brachyuran family Ocypodidae Rafinesque, 1815 is composed of brachygnathous,semi-terrestrial, mostly amphibious burrowing crabs largely confined to a variety of shore and estuarine habitats in the tropics (Crane 1975; Abele and Felgenhaue 1982) . Much of the available data on mangrove-dwelling fiddler crab species are included in the more general works on mangrove fauna. Bas~d on the literature and her own extensive studies, Crane (1975) provides a comprehensive systematic account of the fiddler crab species, dealing with their ecology, morphology, and behaviour. MacNae and Kalk (1962) , MacNae (1963 MacNae ( ,1967 MacNae ( ,1968 , Warner (1977) , and Frith and Frith (1977) have investigated the density and spatial distributions of burrows.
Most of the existing information on the physiological ecology of crustaceans re-months of April 1987 and March 1988 , eleven field trips were made to Jizan area. During one of these trips, a comprehensive series of experiments was yonductedover 24-hour period. Ten thermocoupling wires (R.S. components) were connected to a portable thermocouple with 12-way selected switch and digital thermometer (R.S. components) and were used to monitor temperature changes in various microhabitats occupied by the crabs. Relative humidity in crab microhabitats was monitored using a portable digital psychrometer (Theis Clima). Tidal height was measured by datum point and readings were taken hourly. The behaviour of crabs was also continuously assessed and related to environmental changes (diel and tidal).
Crab activity was based on the presence of crabs out of their burrows in a 1 m2 area. Several quadrants were sampled and an average activity level was calculated. Rope grid transects were made landward to seaward across each zone, the length varied according to the width of the zone. Identification of occupants were obtained either by hand excavation or casting burrows using polyester resin. Along each transect, all burrows within 1 m2 quadrant frames were excavated Or ca&ted. The positions of fiddler crabs burrows were mapped with reference to the datum point. This method of sampling fiddler crabs was found to be most suitable for this type of habitat. Using the descriptions and identification keys of Crosnier (1965) and Crane (1975) , fiddler crabs were identified with emphasis on the structure of the male pleopods.
Beach profiles were established using a Wild TO5 Theodolite and a fixed reference point was established at the study site to standardize subsequent surveying. Sea level was also measured with reference to this fixed point (Fig. 2) . 
Laboratory Experiments
The temperature tolerance of Uca inversa inversa was studied experimentally using individuals obtained from the study site. These crabs were placed in simulated relative humidity varies by less than soC and 18% respectively (General Directorate of Meteorology Department).
Monthly air, soil and water temperature and relative humidity, at the study site were taken between 12.00 hand 14.00 h and are summarised in Relative humidity changes were the inverse of temperature changes. Relative humidity reached 100% in burrows at night and were close to this in the outside air. During the day, the relative huipidity dropped to between 65 and 750;0 in the air but remained higher within burrows and within A vicennia foliage (Fig. 5 ). These vegetationmeasurements were taken close to the trunk, towards the base of the tree.
Temperature profiles (Table I )-were also taken through the soil on two occasions, at 0630 hr and 1230 hr. At 0630 h, the 30 cm level was above the water table, and at 1230 hr, the 30cm was the level of the water table at the investigated site which was the upper limit of U. inversa zone. This indicates that sediment acts as a heat reservoir and that the heat wave at depth occurs many hours after that at the sediment surface. Similar effects have been reported by Powers and Cole (1976) .. Uca vocans hesperae seems to be confined to the lower unshaded mud flat between the datum line and low neap tide mark with a density ofO.9/m2. It was absent from the burrows examined in the upper and lower margin of the forest. Occasional presence of individuals were observed in Uca inversa in versa zone.
Behaviour
The behaviour of these three species was influenced by both tidal and daylight rhythm. The 24 h experiment was commenced at 1130 h on 1st July 1987 with full data collection fr°!D 1130 h until 1130 h the following day. Recordings and observations were made at hourly intervals. Sunset occurred just before 1800 h observation and sunrise just after the 0600 h observation. The tide was neap tide (moon in the last quarter), but appeared to be influenced by the south monsoon wind, high tide occurred at/or around 0530h and 1930 h.
Throughout the high tide period and during night the three species of Uca remained within their burrows. The main emergence of Uca inversa inversa occurred in the morning from 0630 h to 1730 h (Fig. 3) . The other two species U. lac tea annulipes and U. vacans hesperae did not appear to emerge earlier, male crabs emerge from their burrows before the females, control of emergence is likely to be endogenous. Emergent crabs initially remained inactive at their burrows openings. Some of them removed plugs of sediments in order to emerge. Soon after emergence deposit feeding commenced by both male and female crabs and continued throughout the period of emergence, but periodically crabs made regular burrows visits. This is a well known behavioral pattern described for other Uca spp. Wilkens and Fingerman (1965) reported a comparable burrow-retreat rhythm of 18 to 24 minutes duration in U. pugilator at 27.SoC. Mackintosh (1978) reported that the interval between burrow visits for active crabs is 15 to 50 seconds duration. This burrow retreat behavior is probably primarily related to the need for water replenishment, but may also have the effects of reducing body temperature (Eshky 1985) .
Temperature Tolerance LD50
Results of the thermal tolerance experiments were plotted on log 2 cycles paper as percentage survival against time (Fig. 7) , it is possible to estimate the point in time at which 50% of the crabs sample survived. No crabs were used more than once, similar sized adult male and female crabs were used. The LD50 obtained from these plots show that the slightest increase in temperature above 39°C greatly reduce the survival time (Fig. 7) . Similar results were obtained by Mackintosh (1978) . Teal (1958) reported an LD50 at one hour at 39.5°C for Uca pugilator which were half submerged in sea water, while Wilkens and Fingerman. (1965) reported 40.7°C for Uca pugilator in saturated air. In contrast, Orr (1955) found that at 39°C, approximately 83 minutes were required to kill 100% of a sample of Uca pugilator. Edney (1961) who briefly worked on the same species at Inhanca island reported an LD500f 15 minutes at 43.4°C. The results of the present paper are similar to those obtained by Edney (1961) on the same species. MacNae (1957) found that 45°C was lethal for ing tide. Uca lactea annulipes which is found in the upper and lower margin of the forest between the datum point and high tide mark, emerges 15 to 30 minutes after the habitat is uncovered. Emergence of Uca inversa in versa, which is occurred in the unshaded area between the datum point and the high spring tide mark, took place 50 minutes after uncovering. The effect of this difference in the time of emergence is to enable species living lower on the shore, whose habitat is uncovered for a shorter period, to spend a greater proportion of that time in feeding activity. In all species, emergence probably takes place in response to an endogenous rhythm rather than to an immediate environmental stimulus. The existence of such a rhythm have been demonstrated by Atkinson and Naylor (1973) , who emphasize that persistent rhythms may be of particular adaptive value to burrowing animals. Teal (1959) reported that temperature did not limit the distribution of these species of fiddler crabs.
Results of this study revealed that Uca species frequently approach upper lethal limits during summer months. MacNae (1957) reported that Uca inversa was notable for more tolerance than U. lactea annulipes and next came U. vocans which was least tolerant than the rest order is expected in view of the habitats, Uca inversa occurring in the upper zone of the mud flat, Ucalactea annulipes often in the shelter of partial mangrove shade. The habitat of U. vocans near low tide level in very damp groun.d, would reduce heat exposure.
The thermal environment of Uca spp. in the mangrove is more constant and these species are subject to less daily and seasonal body temperature variation. The availability of shade and lower tidal.position provide the possibility of even less temperature variation, Uca inversa in versa lives in a more fluctuating environment without the advantages of shade and !moist substrate surface. This species compensates for the more fluctuating environment by greater behaVioural and physiological adaptation such as the construction of deeper burrow which provides refuge not only from predations, but also from enVironmental extremes, also reduction in body temperature as a result of transpiration (Eshky 1985; Atkinson and Taylor 1988 
